ABSTRACT The oviposition biology of the bertha armyworm, Mamestra configurata Walker, was studied with emphasis on the effect of conspeciÞc eggs on oviposition site selection. Bertha armyworm lay clusters of up to 700 eggs, and larvae have feeding and growth habits similar to those of other Lepidoptera that gain advantages from feeding aggregations. In a Þeld-cage experiment, multiple egg masses per leaf were noted, although the vast majority (85%ϩ) of leaves available for oviposition received no eggs. A series of dual-choice laboratory experiments was conducted using paired excised leaves with and without eggs or egg-wash extracts. Females strongly preferred to oviposit on leaves with eggs of a different female than on leaves without eggs. However, females did not prefer leaves with their own eggs over control leaves without eggs. Gravid females also preferred leaves treated with a methanol egg-wash over leaves treated only with methanol, indicating that the source of oviposition stimulation may be chemically based. The potential relevance of these observations is discussed in the context of host-plant distribution and their exploitation by bertha armyworm.
THE BERTHA ARMYWORM, Mamestra configurata Walker, is a noctuid moth native to Canada, found from British Columbia eastward across the Canadian prairies. Bertha armyworm oviposit at night and lay their eggs in clusters on the underside of host-plant leaves. Larvae are generalist feeders, though crucifers are among their preferred hosts. In outbreak years, bertha armyworm cause signiÞcant crop damage to Brassica crops on the Canadian prairies. In a previous study, bertha armyworm females demonstrated marked oviposition preferences among four host species (Brassicaceae) tested (Ulmer et al. 2002) . Casual observations during this study suggested that gravid females may preferentially lay eggs near conspeciÞc eggs.
Oviposition site selection is a complex process for herbivorous insects, particularly for those, such as many lepidopteran species, whose early larval stages have limited mobility. The femaleÕs choice for an oviposition site is critical in host-plant selection for the larval stage, particularly in species whose host-plant resource is clumped or patchily distributed. Factors suggested to be important in the evolution of hostsearching strategies are: (1) energy expended searching for resource-containing patches; (2) energy expended searching for individual resources within a patch; and (3) energy expended exploiting the resource once located (Prokopy et al. 1984) . Assessment of the prior exploitation of the resource by conspeciÞcs is also a critical factor in assessing the host-plant resource, as demonstrated by the evolution of oviposition-deterring pheromones among phytophagous and parasitic insects (Prokopy et al. 1984) . The typical pattern of host location among adult Lepidoptera is the use of plant odors for longer-range detection and evaluation of potential host plants, followed by contact chemoreception for selection of oviposition sites (Schoonhoven et al. 1998) . It is at the level of contact chemoreception that most oviposition-deterring pheromones are active.
The majority of Lepidoptera lay eggs singly and the larvae develop solitarily (Stamp 1980 , Herbert 1983 . Laying eggs singly is considered the ancestral state and the proportion of Lepidoptera retaining this strategy would suggest that laying eggs singly is generally advantageous because of the reduced competition from conspeciÞcs for food. However, Ϸ5% of the North American butterßies lay their eggs in clusters (Stamp 1980) , and a similar frequency of egg-clustering species (8%) has been found among forest-inhabiting moths in Canada (Herbert 1983) . Egg clustering has evolved independently several times in Lepidoptera (Sillen-Tullberg 1988) , indicating that under certain circumstances, this may be more beneÞcial.
The strategy of egg-clustering may hold advantages for the eggs, adults, or larvae. Egg clustering may protect eggs from desiccation (Clark and Faeth 1998) as well as from environmental factors, including par-asites. The latter has been demonstrated particularly in species laying multilayered egg clusters (Stamp 1980) . Energy conservation may be a driving force for adult females to cluster eggs. Species not feeding as adults, species ovipositing or feeding on patchily distributed host plants, or species at high risk of predation while in ßight may beneÞt from laying many eggs at one time (Stamp 1980 , Herbert 1983 .
Egg clustering usually leads to larval aggregations (Clark and Faeth 1997) that often positively affect larval development and survival. Larval feeding aggregations have been associated with advantages, such as increased development rate and survival, and reduced predation and parasitism (Lawrence 1990 , Clark and Faeth 1997 , Denno and Benrey 1997 . Larval advantages that accrue from egg clustering could also be achieved or enhanced by species that oviposit near previously laid conspeciÞc eggs.
Bertha armyworm oviposition habits and larval development are similar to those observed in other eggclustering Lepidoptera whose larvae gain advantages from feeding in aggregations. In this study, we examined whether bertha armyworm oviposited preferentially adjacent to already-laid conspeciÞc eggs. We show that females prefer to deposit their eggs adjacent to those of other conspeciÞcs. Further, because bertha armyworm oviposit at night on the underside of leaves, it seems likely that egg mass clustering would be chemically mediated. We investigated this phenomenon using egg washes and dual-choice tests similar to those used to examine oviposition-deterring pheromones in other Lepidoptera (Klijnstra 1986 , Schoonhoven 1990 .
Materials and Methods

Insects.
A laboratory colony of bertha armyworm was reared on a semisynthetic diet (Bucher and Bracken 1976) at 21ЊC, 60% RH, and under a 20:4 (L:D) photoperiod. The genetic diversity of the colony was enhanced annually by mating colony insects with moths derived from Þeld-collected pupae. The colony cycles through Þve to six generations per year. Upon pupation, individuals were sexed, transferred to 500-ml plastic tubs with screened lids at 21ЊC, 60% RH, and a 16:8 (L:D) photoperiod, and held until adults emerged. In all experiments reported herein, male and female moths were introduced into a screened cage (38 ϫ 26 ϫ 26 cm) for mating within 2 d of eclosion. After 48 h for mating with no exposure to plant material, adults were used in the experiments. Thus, females were exposed to plant material during the third, fourth, or Þfth scotophase at which time bertha armyworm lay maximally (Howlader and Gerber 1986) .
Effect of Conspecific Eggs on Oviposition Using Whole Plants in a Field-Cage Experiment. The experiment reported here was carried out during a more extensive study of bertha armyworm oviposition site selection on crucifer host plants (Ulmer et al. 2002) at the Agriculture and Agri-Food Canada, Saskatoon Research Farm (N 52Њ 09Ј lat., W 106Њ 34Ј long.). Brassica napus ÔAC ExcelÕ plants were grown in the greenhouse in 12.7-cm pots, two plants per pot, in a soilless mix at 22ЊC and a 16:8 (L:D) photoperiod and watered daily until they reached the appropriate growth stage: preßower, ßower, and pod stage, 3.1, 4.2, and 5.2, respectively (Harper and Berkenkamp 1975) . The potted plants were transferred to outdoor cages (1.65 ϫ 1.60 ϫ 5.95 m), placed in galvanized trays (60 ϫ 90 ϫ 6 cm), and bottom-watered throughout the experiment. Each of the three growth-stage treatment groups consisted of eight pots in a tray (two rows of four pots spaced at 20-cm intervals), and the three trays were arranged with equal spacing (120-cm between trays) along the length of the cage. Placement of the trays was randomized over the four cages in each experiment. Mated moths (10 of each sex) were released into the middle of the cage and allowed access to the plants for 48 h, after which the plants were destructively sampled to collect egg masses. The position (adaxial versus abaxial leaf surface) and number of egg clusters per leaf were noted, as well as the total number of egg clusters on both plants in each pot. In addition, eggs in each mass were counted from an enlarged digital image of each egg mass. A ring of darker pigment appears along the equatorial plate of the egg by 24 h after oviposition (Rempel 1951) ; thus, eggs laid during the Þrst scotophase are readily distinguished from those laid during the second scotophase of the 48 h duration of the experiment (Fig. 1) . The experiment was repeated three times, with different cohorts of insects and plants (using four cages each time), during three successive weeks from 6 July to 20 July 2000.
Effect of Conspecific Eggs on Oviposition Using Excised Leaves. Individual leaves of B. napus ÔAC ExcelÕ were used to test the effect of previously laid eggs on bertha armyworm oviposition. Single plants of B. napus ÔAC ExcelÕ were grown in a soilless mix in 10-cm pots at 22ЊC and a 16:8 (L:D) photoperiod in a greenhouse. A single virgin female moth was placed in a 38 ϫ 26 ϫ 26-cm cage with two males for a 48-h mating period with no exposure to plant material. A single plant (growth stage 3.1) was then introduced into the cage and inspected for eggs after 24 h. If a leaf with an egg cluster of approximately average size (100 Ð150 eggs) was found, it was cut off at the base of the petiole. An egg-free leaf of approximately the same size and age was then cut from the same plant. The petiole of each leaf was secured with a foam-rubber plug and immediately inserted into a 50-ml ßask of sterile ddH 2 O. The two leaves from the same plant were offered to the same female in the same cage for 24 h, then inspected for new eggs. If new egg clusters were present, the leaves were removed and the eggs were counted on each leaf. If no new egg clusters were present, the leaves were left in the cage for a further 24 h, after which eggs were counted. If no new egg clusters were found after the second day, the test was terminated with that female. A 10% sucrose-honey solution was offered to the moths as food by means of a wick in a covered plastic bottle. The experiment was conducted in a growth chamber with a 16:8 (L:D) photoperiod, at temperatures ranging from 17ЊC (night) to 25ЊC (day) and was repeated 16 times.
A similar protocol was used to quantify the effect of eggs laid by one female on oviposition site selection by a different female. A leaf with eggs laid by one female during the previous scotophase was paired with an egg-free leaf from the same plant and offered to a different female that had also laid eggs for the Þrst time during the previous night. The experiment was comprised of 22 replicates.
Methanol Egg-Wash Experiment. Eggs laid by colony-derived females on ÔAC ExcelÕ host-plants were collected and removed with a small metal spatula, causing as little damage to the leaf surface as possible. To prepare the egg-wash, 0.2 g of freshly collected eggs (Ϸ2000 eggs) were washed in 1.5-ml of methanol (Klijnstra 1986 ). The eggs were gently agitated in the methanol for 5 min in a 1.5-ml Microfuge tube, after which the mixture was centrifuged at low speed to pellet the eggs. The supernatant was used as the eggwash component.
Individual leaves of B. napus ÔAC ExcelÕ, grown under the same conditions as those in the excised-leaf experiment, were used to test the effect of methanol egg-wash on bertha armyworm oviposition. A single virgin female moth was placed in a 38 ϫ 26 ϫ 26-cm cage with two males for a 48-h mating period with no exposure to plant material. Two leaves of approximately the same size and age were cut from an ÔAC ExcelÕ plant. The petiole of each leaf was secured with a foam-rubber plug and immediately inserted into a 50-ml ßask Þlled with sterile ddH 2 O. A 200-l aliquot of the methanol egg-wash was pipetted evenly onto the underside of a treatment leaf; similarly, a 200-l aliquot of methanol was applied to the control leaf. Thus, each treatment leaf received Ϸ265 egg equivalents of egg-wash. The treatment and control leaves were physically separated during application of the methanol solutions and the 15-min drying period. A treatment and a control leaf were placed in a cage with a mated female for 24 h, after which the leaves were inspected for eggs. If eggs were present on either leaf, the leaves were removed and eggs were counted. If no eggs were present after 24 h, the female was excluded from the experiment. During the mating period and throughout the experiment, a 10% sucrose-honey solution was offered to the moths as food by means of a wick in a covered plastic bottle. The experiment was conducted in a growth chamber with a 16:8 (L:D) photoperiod at 21ЊC and comprised of 21 replicates.
Data Analysis. The relative frequency distributions of egg masses per leaf (0, 1, or 2) and egg masses per pot (0, 1, or 2 or more) in the Þeld-cage experiment were determined and analyzed using the KolmogorovSmirnov one-sample test (Siegel and Castellan 1988) . A Sign Test (Snedecor and Cochran 1980) was used to analyze the paired sample data for numbers of eggs and egg masses laid in the excised-leaf dual-choice oviposition preference experiment and in the methanol egg-wash experiment (Statistix 4.0, Analytical Software, Tallahassee, FL). This approach was used as there was no expectation of normal distribution of differences in egg numbers in paired treatments because of the varied size of egg masses.
Results
Effect of Conspecific Eggs on Oviposition Using
Whole Plants in a Field-Cage Experiment. During the course of a Þeld-cage study of the preferred growth stage for oviposition by bertha armyworm (Ulmer et al. 2002) , two observations were made with respect to clustering of egg masses. First, egg masses were not deposited on all plants; many plants at the same phenological stage received no eggs. Thus, for ßowering canola plants, the number of egg masses per pot (two plants/pot) ranged from 0 to 11 and considerably more (1.75 times as many) pots received two or more egg clusters than pots, which received zero or only one egg cluster (Fig. 2 ). An average of 4.25 Ϯ 0.8 plants/cage or 26.5% of plants received no egg masses. However, the distribution egg mass categories per pot did not signiÞcantly differ from a Poisson distribution (D ϭ 0.08, P ϭ 0.14, Kolmogorov-Smirnov one sample test).
Second, on those plants receiving eggs, multiple egg masses were observed clustered on individual leaves. Each ßowering plant had an average of 10 (Ϯ0.7) leaves and the majority (140 Ϯ 3 per cage) or Ϸ87.5% of available leaves received no egg masses. Of the leaves receiving egg masses, 90.9% received a single egg mass and 9.1% received two or three egg masses. However, the frequency distribution of leaves in the 0, 1, and 2 or more egg masses/leaf categories was not signiÞcantly different from a Poisson distribution (D Ͻ 0.001, P Ͼ 0.10, Kolmogorov-Smirnov one-sample test). Mamestra configurata eggs laid during the Þrst scotophase of the experiment could be clearly differentiated from those laid in the subsequent scotophase because of the darkening that occurs during embryogenesis. A number of examples were observed in which egg masses were laid side by side in subsequent scotophases (Fig. 1) .
These preliminary observations led us to examine whether females prefer to lay egg masses in clusters and, if so, whether they prefer to lay adjacent to their own or to the egg masses of other conspeciÞcs. We also undertook an experiment to examine the nature of the cue that stimulates the clustering of egg masses.
Effect of Conspecific Eggs on Oviposition Using Excised Leaves. Bertha armyworm did not lay significantly more eggs on leaves already having their own eggs than they did on leaves from the same plant having no eggs (Sign Test, P ϭ 0.40, 9 positive: 7 negative) (Fig. 3) . As well, moths did not deposit signiÞcantly more egg masses on leaves already having their own eggs than they did on leaves from the same plant having no eggs (Sign Test, P ϭ 0.40, 9 positive; 6 negative, 1 tie). Sixteen females deposited 22 egg masses containing 2078 eggs on leaves having their own previously laid eggs and deposited 16 egg masses containing 1648 eggs on the control leaves that had no previously laid eggs. However, females did lay significantly more eggs on leaves having another femaleÕs eggs than on leaves from the same plant having no previously laid eggs (Sign Test, P ϭ 0.02, 16 positive, 6 negative) (Fig. 3) . As well, moths deposited significantly more egg masses on leaves already having another femaleÕs eggs than they did on leaves from the same plant having no eggs (Sign Test, P ϭ 0.02, 15 positive, 5 negative, 2 ties). Twenty-two females deposited 28 egg masses containing 4520 eggs on leaves having eggs laid previously by another female but deposited only 12 egg masses containing 1618 eggs on the control leaves having no previously laid eggs.
Methanol Egg-Wash Experiment. Bertha armyworm laid signiÞcantly more eggs on leaves treated with methanol egg-wash than on control leaves treated with methanol (Sign Test, P ϭ 0.04, 15 positive: 6 negative) (Fig. 4) . As well, females deposited signiÞcantly more egg masses on leaves treated with methanol egg-wash than on control leaves treated with methanol alone (Sign Test, P ϭ 0.08, 13 positive, 6 negative, 2 ties). Twenty-seven egg masses containing 4709 eggs were deposited on leaves treated with the methanol egg-wash, but only 14 egg masses containing 2760 eggs were deposited on the control leaves.
Discussion
Observations of egg-laying patterns of gravid bertha armyworm females in a Þeld-cage experiment suggested a trend toward clustering of eggs as 9.7Ð19.2% of egg masses deposited were on leaves with more than one egg mass per leaf. However, the distribution of egg masses per plant or per leaf was not signiÞcantly different from a Poisson distribution. In laboratory experiments, female bertha armyworm preferred to lay eggs on a host-plant leaf having conspeciÞc eggs from another female over one with no eggs. Gravid females also preferred hostplant leaves treated with methanol egg-wash over control host-plant leaves, indicating that the stimulatory effect is at least to some degree chemical.
Egg clustering and the preference of gravid females to oviposit near conspeciÞc eggs observed in the bertha armyworm may beneÞt the adult, the eggs, or the larvae. Although the ancestral host plants of the bertha armyworm are unclear, the current host plants tend to be annual or biennial, including many crucifers, that are often colonizers of disturbed areas (Harris and Rogers 1988) . Before modern agriculture, such plants probably would have been patchily distributed. It has been suggested that for insect species exploiting host plants with patchy distribution, egg clustering may reduce ßight time spent searching for host plants, lowering energy consumption as well as risks associated with ßight, notably predation (Stamp 1980) . However, bertha armyworm adults are strong ßiers and are able to feed, factors reducing the drawbacks of increased ßight. Egg clustering may beneÞt eggs by reducing desiccation Faeth 1998) and parasitism (Stamp 1980) , though bertha armyworm lay eggs in a single layer that would reduce these beneÞts. Thus, egg clustering may offer the greatest beneÞt to the larval stage of bertha armyworm.
Aggregation of eggs by gravid females in response to conspeciÞc eggs is not common among Lepidoptera, though some neotropical butterßies show a similar response or lay multiple egg clusters on the same plant (Mallet 1980, Clark and Faeth 1997) . The larvae of these butterßies, and others that lay their eggs in clusters, have been shown to gain several advantages from the resulting larval aggregations, including feeding facilitation, increased growth rates, decreased development time, and reduced predation and parasitism (Lawrence 1990 , Denno and Benrey 1997 , Clark and Faeth 1997 . As with bertha armyworm, larvae of these species generally spend the Þrst few instars cryptically colored then become darkly colored and conspicuous in later instars (Lawrence 1990, Clark and Faeth 1997) . Larvae of these species are often distasteful, and dark conspicuous coloration may warn predators as well as help the larvae thermoregulate. Although bertha armyworm are not truly gregarious, larval aggregation does occur, and this may offer some of the same advantages documented for gregarious species. Larval density was shown to have a profound effect on several aspects of larval physiology in a related species, the cabbage moth, Mamestra brassicae (Goulson and Cory 1995 ). Up to a particular level, increasing larval density led to increased weight gain, lower susceptibility to disease, and a higher proportion of larvae exhibiting the dark color phase. However, at the highest larval density tested, M. brassicae larvae developed more quickly but attained lower weights at pupation and were more susceptible to disease (Goulson and Cory 1995) . Thus, there is likely to be a complex relationship between the advantages and disadvantages, related to competition for resources among conspeciÞcs, of increased larval densities on host plants associated with egg clustering and larval aggregations. It would be of interest to determine if the size of larval aggregations affects bertha armyworm in a manner similar to that in larvae of other Lepidoptera with similar oviposition and larval feeding habits.
Gravid bertha armyworm females preferred hostplant leaves treated with a methanol egg-wash, indicating that the basis for the responsiveness of bertha armyworm females to conspeciÞc eggs is at least in part chemical. Plant odors are often used for longrange detection and evaluation of host plants, whereas contact chemoreception is typically important in oviposition site selection once the female has contacted a suitable host plant. It is possible that bertha armyworm females deposit an oviposition-stimulating pheromone while laying an egg mass, and this signals that a plant leaf has been deemed a suitable oviposition site for subsequent females searching the same plant. Because bertha armyworm oviposit at night and eggs are usually laid on the underside of host plant leaves, a chemical attractant may be the most effective means of indicating the presence of eggs. A comparable, but opposite, phenomenon has been observed in Pieris spp. females, who are deterred by the presence of conspeciÞc eggs (Klijnstra 1986 , Klijnstra and Schoonhoven 1987 , Schoonhoven 1990 ). Further, leaves remain unattractive to gravid females even after conspeciÞc eggs have been removed (Schoonhoven 1990) . In choice tests similar to those in the current study, it was determined that Pieris spp. eggs contain an oviposition-deterring pheromone that appears to be nonvolatile. The oviposition-deterring pheromone in Pieris spp. is thought to be produced in the accessory glands, which also produce the egg adhesive, and is released during egg deposition (Schoonhoven 1990 ). It appears that there may be an ovipositionstimulating pheromone produced by bertha armyworm, which acts as an attractant to gravid females rather than as a deterrent as it does for Pieris spp.
In the current study, gravid bertha armyworm females strongly preferred to oviposit on leaves with eggs of other female conspeciÞcs than on leaves without eggs or leaves with their own eggs. It is not clear why this occurred but is should be noted that, although not signiÞcant (P ϭ 0.40), there was a trend for individual females to lay eggs on a leaf with their own eggs as opposed to a leaf with no eggs. If large egg aggregations are beneÞcial to larvae, it might be advantageous for a gravid female to preferentially oviposit egg masses near those of a different female than to cluster her own eggs. The former strategy has the potential to result in much larger egg numbers, and subsequent larval aggregations, compared with egg clustering by individual females. Further, by not laying all her eggs in "one basket" a female may reduce the risk of losing all of her offspring to things such as predators, parasites, and disease.
The preference of gravid bertha armyworm females for host plants with conspeciÞc eggs is unique among noctuids studied to date. It is likely that this oviposition habit beneÞts the larval stage. However, further study is required to determine whether bertha armyworm larvae gain the same advantages from larval feeding aggregations as the larvae of other Lepidoptera, which share similar oviposition and larval growth habits. Further investigation is also required to determine the chemical nature of the potential oviposition stimulant and its thresholds. This would be of interest biologically and could also lead toward a means of concentrating egg laying of gravid females in speciÞc areas of a crop as part of an integrated pest management strategy for this pest.
